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BACKGROUND OF THE INVENTION 

I. Field of the invention 

5 The present invention relates to a process for the preparation of streptovaricins (macrolide antibiotics) by 

the fermentation of Actinomyces belonging to the genus Streptomyces . 

II. Description of the Prior Art 

10 Five types of streptovaricins are known, designated as A, B, C, D and E. Initially, they drew attention be- 

cause of their usefulness as an antituberculosis antibiotic. Recently, it has been found that derivatives obtained 
by chemically modifying the streptovaricins, and particularly, Streptovaricin C, are useful as anti-retroviral 
agents, anti-cancer agents or the like (e.g., Japanese laid-open patent application No. 110,000/1979). 

A known process for the preparation of the streptovaricins comprises fermenting a submerged culture of 

15 Streptomyces spectabilis (Japanese Patent Publication No. 3647/1 961). 

Furthermore, in order to improve productivity by fermentation, there are a method in which a nonionic ad- 
sorbent is added to a culture medium for streptovaricin preparation by fermentation (Japanese Patent Appli- 
cation No. 14285/1990), and a preparation method by fermentation described in Journal of Industrial Micro- 
biology, 5, pp. 283-288 (1990) in which an adsorbent is used. 

20 However, in the conventional preparation methods of the streptovaricins by fermentation, the concentra- 

tion of an accumulated antibiotic in the culture medium is limited. Even if a nonionic adsorbent such as poly- 
styrene is used as in Japanese Patent Application No. 14285/1990, the satisfactory concentration of the ac- 
cumulated antibiotic cannot be obtained. 

25 SUMMARY OF THE INVENTION 

In view of the above-mentioned situations, the present invention has been attained, and an object of the 
present invention is to provide a novel method for the preparation of streptovaricins by fermentation which com- 
prises adding a nonionic adsorbent to a culture medium so as to positively adsorb and stably recover these 

30 streptovaricins, and then carrying out culturing, this method being characterized in that the streptovaricins are 
allowed to easily move in the culture medium and reach the adsorbent, adsorbed, and recovered to further 
improve the fermentation productivity of the streptovaricins. 

That is, the present invention intends to solve the problems of the above-mentioned conventional meth- 
ods, and its gist reside in that a process for the preparation of streptovaricins by fermentation comprises cul- 

35 turing Actinomyces belonging to the genus Streptomyces in the presence of a nonionic adsorbent and a veg- 
etable oil to produce the streptovaricins. 

According to the present invention, produced streptovaricins can promptly transfer from the surfaces of 
bacteria to an adsorbent in a culture medium, whereby the streptovaricins which are unstable in an aqueous 
solution can reach the adsorbent in a stable state. Furthermore, the addition of an emulsifying agent, an emul- 

40 sion/suspension stabilizer and an organic solvent permits the enhancement of the effects. In these points, the 
present invention is excellent. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

45 Actinomyces (a streptovaricin-producing strain) belonging to the genus Streptomyces usable in the proc- 

ess of the present invention includes, for example, Streptomyces spectabilis (available from ATCC under De- 
position No. ATCC27465) and its variants. An example of these variant is deposited under Deposition No. 
FERM BP-3598 in Fermentation Research Institute, Agency of Industrial Science and Technology in Japan, 
Suitable for use as the nonionic adsorbents in the present invention are porous fine particles having a 

50 large specific surface area and consisting of various synthetic resins, such as, polymers of one or more chem- 
icals selected from the group consisting of aromatic monomers such as styrene and divinyibenzene and acrylic 
esters. Specific examples include adsorbents composed of styrene-divinyl benzene type synthetic resins, for 
example, HP-10, HP-20, HP-30, HP-40, and HP-50 (trade name, produced by MITSUBISHI KASEI CORPOR- 
ATION), Amberlite XAD-2 and XAD-4 (trade names, produced by Rohm and Haas Co.), adsorbents composed 

55 of acrylic ester type resins, for example, Amberlite XAD-7 (trade names, produced by Rohm and Haas Co.), 
and the like. Particularly preferred among these nonionic adsorbents are those having a particle size of from 
50 to 1,000 u.m, a specific surface area of 50 to 1,000 m 2 /g, and a pore volume of from 0.2 to 1.5 ml/g. Of the 
above-mentioned commercial products, examples which meet these requirements include HP-20, HP-21 and 
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30 



XAD-4, but they are not particularly restrictive. u b^^rtniio 

The amount of the nonionic adsorbent to be added to the culture medium .s preferably from about 0.1 to 
20% by weight, more preferably from 1.0 to 10% by weight. In the system in which the amount of the nonionic 
adsoLt is too large bacteria are ground at the time of stirring, so that the good growth of the bactena. cells 

' S Tthe^resent invention, the kinds and amount of the vegetab.e oil should be remained within the extent 
which do not have any influence on the culture of the bacteria and the production of the ^van°n8. Spe- 
cific examples of the vegetable oil include soybean oil. corn oil, rapeseed oil. sesame oil, ol *e oil, palm 
toasid o7 oleic saf flower oil, oleic sunflower oil , linseed oil, tung oil, and other vegetable oils conta.n.ng fatty 
acids esters. Examples of the fatty acids which can be contained in these vegetable oils mclude linolen.c acd, 

linoleic acid, and eicosapentanoic acid. ,„H n i; UO nii 
Among these oils, particularly preferred are soybean oil. corn oil, rapeseed oil. sesame oil. and olrv o,L 
The amount of the vegetable oil is from 0.1 to 10% by weight, preferably from 0.2 to 7% by , we.ght base. I on 
the total weight of the culture medium. When the amount of the vegetab.e oil is more than 10% by we.ght, t h.s 
vegetable oil easily separates from the culture medium to cover the cu.ture medium, 

of the bacteria is not satisfied and good results cannot be obtained. When no vegetable orf ,s added the pro- 
ductivity of the streptovaricins is lowerthan when it is added. In this connection, the vegetable o.l can be added 

in the form of soybean meal, peanut meal (which is not defatted), or the like. 

in the case t hat the above-mentioned vegetable oil is used, there can be used an emulsrf y.ng agent which 
can uniformly emulsify the vegetable oil and a thermally stable water-soluble polymer (an emulsKjn/suspension 
stabilizer; a thickener) which can prevent the vegetable oil from separating from the culture medium. Examples 
of the emulsifying agent include glycerol fatty acid ester, sorbitan fatty acid ester, propylene glycol fatty acid 
ester sucrose faSy acid ester, and lecithin. Examples of the thermally stable water-soluble polymer include 
wS-soTuble polymeric polysaccharides such as welan gum and rhamsan gum. In the case the water-soluble 
Xer is added'preferL is a water soluble polymer in which a suspension stabilizing effect scarcely dete- 
riorate at the time of heating sterilization of the culture medium. 

t the present invention an organic solvent can be additionally used together wrth the ^ve-ment,oned 
veaetable oil emulsifying agent and water-soluble polymer to easily transfer the streptovaricins from the bac- 
S?o he ad lent^n' to thereby achieve the improvement of its productivity. Example ^he organic : sc- 
lent include lower alcohols such as methanol, ethanol. prooanol. octanol and isopropanol, high* ^alcohol 
higher cyclic alcohols, and a lower ketone such as acetone. The amount of the organic solvent to be added is 
from 0 1 to 2.0% by weight, preferably from 0.2 to 1 .0% by weight based on the we.ght of the culture med unv 
No particular restriction is put on the culture medium and other conditions which are used in the method 
of the present invention, and the conditions conventionally adopted for the preparation of antibiotics by cuk 
..ring microorganisms can be used. That is. submerged culture is carried outin an aqueous med.um containing 
a nitrogen source, an assimilable carbon source, and an inorganic salt under aerobic ™ d ' tlons . 

As the nitrogen source, any of the inorganic and organic nitrogen sources can be used. Examp es of the 
nitrogen source include organic nitrogen sources such as beef extract, vegetable proteins (e.g.. peptone^ ca- 
sein malt extract, f ish meal, cotton meal. Kay Soy (defatted soybean meal), yeast for brewing, corn gluten meal, 
and corn steep liquor; and inorganic nitrogen sources such as ammonium sulfate, ammonium nitrate, and po- 

^E^amples^ the assimilable carbon sources include glucose, dextrin, molasses, starch, maltose, galac- 
tose mannitot, sucrose, and lactose. 

Examples of the nutritious inorganic salts include salts which form ions such as sodium, calcium, phos- 
phate and sulfate. Specie examples thereof include calcium carbonate, potassium phosphate magnesium 
sulfate, potassium chloride, sodium chloride, zinc sulfate, ferrous sulfate, manganese sulfate, cobalt chlonde. 

an<1 ZZ^ZTe pH of the medium is in the range of from about 5.5 to about 7.5, and the temperature 
is in the range of from about 23°C to 37°C, preferably from 25°C to 30<C. The maximum yield can be obtained 

so hv rulturina for a period of from about 14 to 17 days. 

" the^mbodiment of the present invention wherein the streptovaricins obtained by the fermentation 
are adsorbed on the nonionic adsorbent, it is necessary to separate the streptovaricins from the non.onic ad- 
sorbent after separation of the nonionic adsorbent from the med.um. 

The separation of the nonionic adsorbent from the culture med.um can be achieved by, for example, ^1 

55 tering the culture medium through a net or the like, or utilizing the difference in specfic gravity be^een the 
Anionic adsorbent and the culture medium (in the concrete, for example, by putting the culture medium after 
the fermentation in a sodium chloride solution having a constant concentration, using a centrifugal separator, 
or the like). 
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The streptovaricins may be separated from the nonionic adsorbent by washing the separated adsorbent 
with a suitable organic solvent or a mixed solvent of an organic solvent and water to elute the adsorbed strep- 
tovaricins. Examples of the suitable organic solvent include methanol, ethanol, acetone, acetonitrile. ethyl 
acetate, dichloroethane, chloroform, and mixtures thereof; and mixed solvents of one or more of these organic 
5 solvents with water. In order to effectively elute the streptovaricins, it is preferred that the adsorbent on which 
the streptovaricins are adsorbed be washed first with an aqueous solution having a low organic solvent con- 
centration, and then with an aqueous solution having a high organic solvent concentration. 

Among the streptovaricins obtained by the fermentation, Streptovaricin C is the most useful, and therefore 
it is desirable that during the separation from the adsorbent, Streptovaricin C can be selectively separated. 
10 Preferred for this purpose is an acetonitrile-water mixed solvent. 

The thus obtained streptovaricins can be further purified, for example, by repeated recrystallization, silica 
gel column chromatography, and the like. 

Examples 

15 

Next, the method of the present invention will be described in more detail in reference to examples. In the 
following description, "% M means "% by weight". 

Example 1 

20 

A. Culture and maintenance 

In this example, a variant of Streptomyces spectabMis ATCC27465 (FERM BP-3598) was cultured and 
maintained, and the variant was used to prepare Streptovaricin C. 

25 This variant well grew in a standard agar culture medium at a temperature of 27°C. This kind of microor- 

ganisms could produce an anthocyanin dye. On an agar culture medium (a standard glucose agar culture me- 
dium having the undermentioned composition) prepared by adding 0.65% of glucose to the standard culture 
medium, colonies were small (1 to 2 mm), convex, and white on the 2nd or the 3rd day. The cultivation was 
continued, and the colonies changed from a lemon color (on the 3rd to the 5th days) to a red color (on the 6th 

30 to the 8th days) (4 to 5 mm) and the surface state of these colonies looked like smooth and glossy chrysan- 
themum petals. No sporutation was observed. 
Standard glucose agar culture medium: 



Glucose 0.65% 

Peptone 1.00% 

35 Beef extract 0.30% 

NaCI 0.50% 

Yeast extract 2.00% 

Agar 1.50% 



40 B. Seed Culture 

1 00 ml of a seed medium having the undermentioned composition were prepared in a 500-ml conical flask 
with a baffle, and the culture medium was then inoculated with cultured microorganisms of the above- 
mentioned variant and they were cultured at 27°C at 1 30 rpm for 72 hours to obtain a flask seed (a seed culture). 
45 In this culture medium, the microorganisms grew in the form of fine pellets. After a passage of 72 hours, pellets 
colored yellow owing to the production of Streptovaricin C and the pH of the culture medium was in excess of 
8.0, and saccharide was completely consumed. 



Seed Medium: 

Glucose 0.625% 

50 N-Z amine A (hydrolyzed casein) 1 .250% 

Soytone 0.625% 

K 2 HP0 4 0.156% 

KH 2 PQ 4 0.156% 



55 C. Preproduction Culture 



Next, 3 liters of a preproduction medium having the undermentioned composition were prepared in a 5- 
liter fermenter, and this culture medium was then inoculated with 50 ml of the above-mentioned seed culture 
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and microorganisms were cultured at 27°C for 72 hours at an air feed rate of 1.7 wm at 300 rpm to obtain a 
preproduction culture. In the preproduction culture in which the good growth of the microorganisms was con- 
firmed, a red color of the bacteria was not observed. 



Preproduction Medium: 

5 Cornstarch 2.00% 

Defatted soybean meal 1.00% 

Corn steep liquor 1.00% 

Beer yeast 0.25% 

KCl 0.30% 

10 CaC0 3 0.40% 

Anti-foaming agent (KM72) 0.10% 



D. Main Culture 

is In a 30-liter fermenter, 18 liters of a main medium was prepared by adding 5.0% of soybean oil to the un- 

dermentioned composition, and the thus obtained main culture medium was then inoculated with 900 ml of 
the above-mentioned preproduction culture, followed by fermentation at 27°C at 150 rpm for a period of from 
14 to 17 days. The production of Streptovaricin C was in excess of 2,000 ug/ml, and the satisfactory results 
were obtained. 

20 Main medium (pH 7.0+0.2): 



Glucose 12.00% 

Defatted soybean meal 2.00% 

Beer yeast 1.00% 

NaCI 0.60% 

25 CaC0 3 0.05% 

K 2 HP0 4 0.25% 
Anti-foaming agent (KM72) 0.20% 

Adsorbent (HP20) 10.00% 



30 E. Recovery 

After adjusted to a pH of 5 to 6, the culture broth was promptly filtered at a low temperature through a 
large Buchner funnel to recover the adsorbent from the viscous culture broth. 

35 F. Extraction 

Streptovaricin C was extracted several times from 1,700 g of the thus obtained mixture of the adsorbent 
and the remaining bacteria by the use of whole 20 liters of methylene chloride. 

40 G. Concentration and crystallization 

The thus extracted solvent was concentrated at 30°C under reduced pressure to 0.2 liter, and at this point 
of time, ten-fold volume of hexane was added thereto to obtain orange crystals. After collected by filtration, 
the crystals were washed with hexane again, and then dried under reduced pressure a whole day and night 
45 to obtain 68 g of crude Streptovaricin C powder. The purity of this crude Streptovaricin C was so high as to be 
more than 50%. 

Comparative Example 1 

so Culturing was carried out by the same procedure as in Example 1 in a system containing no soybean oil 

in the main culture (the above-mentioned main culture medium composition). As a result, the production of 
Streptovaricin C was as small as 703 ug/ml, though the employed conditions were all the same with the one 
exception. 

55 Examples 2 to 13 

The same procedure as in Example 1 was used until a preproduction culture step except that soybean oil 
was not used, to carry out Examples 2 to 1 2. Culturing was carried out at 27°C for 1 6 days in a 500-ml conical 
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flask by the use of a rotary shaker. 

In Examples 2 to 6, amounts of soybean oil in Example 1 were changed, and in Examples 7 to 10, vegetable 
oils other than the soybean oil were used. 

In Example 11, lecithin as an emulsifying agent and welan gum as a water-soluble polymer were used in 
5 addition to the vegetable oil (soybean oil). 

In Example 12, a vegetable oil was replaced with soybean meal (containing 18% of soybean oil; corre- 
sponding to a case where 0.9% of soybean oil was used), and ethanol was added as an organic solvent, and 
lecithin and welan gum were added. 

In Example 13, the same procedure as in Examples 2 to 12 was used except that defatted soybean meal 
10 in the above-mentioned medium composition for the main culture was replaced with soybean meal (containing 
1 8% of soybean oil; corresponding to a case where 0.9% of soybean oil was used), to carry out the main culture. 

The results of Examples 2 to 1 3 are shown in Table 1 together with the results of Example 1 and Compar- 
ative Example 1. 



15 Table 1 





I — — — _ . — . _ — _ . — _ — , 

Relation between Added Vegetable Oil and Production of Streptovaricin C by Fermentation 


20 


Example 


Vegetable Oil ■ 


Amount 


Production of SVC by Fermentation (500-ml conical 
flask with baffle) 


Example 1 


f 

Soybean Oil 


5.0% 


2025 u.g/ml 




Comp. Ex. 1 


Soybean Oil 


0.0% 


703 |Kj/ml 


25 


Example 2 


Soybean Oil 


0.1% 


1017 u.g/ml 




Example 3 


Soybean Oil 


0.5% 


1202 u.g/ml 




Example 4 


Soybean Oil 


1.0% 


1517 (ig/ml 


30 


Example 5 


Soybean Oil 


5.0% 


2094 \igfm\ 




Example 6 


Soybean Oil 


10.0% 


1789 ng/ml 




Example 7 


Corn Oil 


1.0% 


1 452 ug/ml 


35 


Example 8 


Rapeseed Oil 


1.0% 


1 354 ug/ml 




Example 9 


Sesame Oil 


1.0% 


1124 ug/ml 




Example 10 


Olive Oil 


1.0% 


1231 ug/ml 


40 


Example 11 


Soybean Oil 

Lecithin 
Welan Gum 


5.0% 
0.3% 
0.3% 


2209 ug/ml 


45 


Example 12 


Soybean Meal 
Ethanol 
Lecithin 


5.0% 
0.3% 
0.3% 


1 534 ug/ml 


50 




Welan Gum 


0.3% 






Example 13 


Soybean Meal 


2.0% 


1011 ^ig/ml 



Claims 

1. A process for the preparation of streptovaricins by fermentation which comprises culturing Actinomyces 
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belonging to the genus Streptomyces in the presence of a nonionic adsorbent and a vegetable oil to pro 
duce the streptovaricins. 

2. A process according to Claim 1 wherein the Streptomyces is cultured additionally in the presence of an 
5 emulsifying agent. 

3. A process according to Claim 1 or 2 wherein the Streptomyces is cultured additionally in the presence of 
a thermally stable water-soluble polymer. 

4. A process according to any one of the preceding claims wherein the Streptomyces is cultured additionally 
10 in the presence of an organic solvent. 
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